On clinical applications, many magnetic resonance (MR) 
Introduction
During the development of computer technology in the medical field, medical image processing and analysis are becoming more and more important. In the course of digital image processing, imaging equipment, physical methods and other factors often make the quality down. In general, medical images are accompanied by organizational boundaries blur, low contrast and noises. These factors not only have a great impact on the diagnosis, but also affect the accuracies of segmentation, registration and other image processing methods.
The image denoising includes macro filter and micro filter. Macro filter is classic filter, such as wavelet-based denoising [1, 2] . The advantages of these methods are that the noise and image can be easily separated through a high pass filter, and the drawback is not applicable to medical images. It is because that there are many low-frequency details in the medical image, and the noise and details will be removed together. A remedial strategy is the resumption of high-frequency signals, but the method is too complex to be applied in clinical cases. Micro filter is based on the differential equation such as P-M model [3] etc. Using this algorithm, the image can be smoothed through curve energy and the diffusion equation iteration. Macro filter is a special case of micro filter, such as the relationship between median filter and diffusion.
The methods of image enhancement include histogram equalization [3] , adaptive histogram equalization [4] etc. Caselles V raised a method of differential histogram equalization [6] in 1999, and it can implement the enhancement in micro area.
At present, there are many types of image denoising and enhancement algorithms, but none of them could apply to medical image directly. A major reason is the contradiction between image denoising and enhancement. Removing noise followed by enhancement often make the edges weaker. If the removal of noise is not enough, there will be some issues such as the enhancement of noise etc. Enhancement followed by removing noise will make the noise amplified, so the denoising effect could be poor.
The paper proposes a new model combined with P-M model and differential contrast limited adaptive histogram equalization (CLAHE). In equations the first formula is tangential force, and the second one is constituted by the differential CLAHE. By adjusting the two parameters, the result can be better.
Basic Model

PM denoising model
PM model is a partial differential equation based on nonlinear diffusion. The diffusion is similar to the proliferation of physics. Impurities migrate from high concentration regions to low regions in the uneven medium. Two-dimensional nonlinear diffusion equation is shown in formula (1). 
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In order to denosing synchronize with protecting the edge, PM model introduces a coefficient transmission of the constraint function. In the flat regions, it can speed up the velocity of conduction. At the edge of the image, the velocity of conduction will decrease automatically. PM model of partial differential equation is constructed as follows:
∇ is the conductivity in formula (2) . In formula (3), g(r) is a monotonic declined function, and the parameter is the value of gradient, so smoothing is able to combine with edge detection at the same time.
The differential model of histogram equalization(HE)
The theory of HE model is to transform the non-uniform distribution to uniform distribution histogram. The purpose is to make visual sense more richness. Histogram equalization is generally expressed by the following equation: The partial differential equation which Caselles V etc raised can be used to achieve histogram equalization. The form of equation is shown in formula (5).
H(*) is cumulative histogram. The histogram equalization can be got from many times of iteration.
The Model of Denoising and Enhancement
The Differential model of CLAHE
In general the image contrast can be improved by HE model, but the details would be poor. As special nature of medical images (edge blur, poor contrast), the algorithm is not suitable for such categories. R. Cromartie propose a solution to the problem of the detail enhancement, it is CLAHE [7, 8] . The principle is to block the original image, then process each sub-block combined with HE, at last reconstruct the entire image according to result. Reference with the HE differential equations, the differential model of CLAHE is raised as follows:
( ( ) ) ( ( ) ) (1 ) is the minimum gray value of block i. Using gradient descent method, the solving function is as formula (7), L is the number of windows. When t Δ =1, the ceremony will be transformed into the classic model of CLAHE.
The Model of Denoising and Contrast Enhancement
In order to achieve the expected result, this paper will use the synchronized method of denoising and contrast Enhancement. The new expression is transformed from PM equation as the following formula: α is the tangential vector unit, β is the normal vector unit. From the formula (9), the equation of PM can be broken into two forms. The first form is constituted by the tangential vector, so the image will diffuse according this direction. This will make the edges more smoothly. The second form is constituted by the normal vector, and another part will spread in this direction. The differential equation can be completed by step iteration, so the additive combination of PM and CLAHE can remove the noise, smooth the edges, make enhancement within the unit step. Construction of the new equation is as follows:
The first form is from PM model, the second and third form is from differential CLAHE. The result is solved through Gradient descent method, and explicit numerical calculations are as follows:
Supposing the size of moving window is 3×3, size of image is M×N, and L is (M-2)×(N-2).
n n P Q + is the explicit expression of PM equation, the latter form is adopted from the gradient descent solution of CLAHE. Three adjustable parameters of extended equation are introduced into it, these can make the image denoising and enhancement corresponding with adjustment experience, and better results could be got through this image processing. The extended equation is shown as formula (10).
C α is used to adjust the proportion of tangential smooth force. C β is used to adjust the proportion of normal smooth force. C γ is used to enhance the scale factor. The better effect will be got through the regulation of these three parameters. As normal diffusion can make the edge of image more blurry, so we remove the second form, the final equation is as follows:
* D is the finite difference value of partial derivatives. It could be preceding difference, latter difference, or central difference. ** D is approximation of the second order partial derivative of finite difference.
Algorithm Flow
in I is original input image, and out I is output image, n is times of iterations. C α , C β are tangential smoothing coefficient and enhanced coefficient, t Δ is the step length and n is setting times of iteration. Algorithm implementation process is as follows: 
Experimental Results and Analysis
The experimental CPU is 2.4GH and memory is 3.37GB. We use two brain MR images of 512×512 with noise to do experiment. One image contains the base of skull, another is cranial vault image. For the first image, experimental parameters are chosen as Fig.2 (b) -(e) are the effect of 100 times of iterations. If the noise is not completely removed, it will lead to be amplified in the enhanced algorithm using enhancement after denoising, And Fig.2 show the effect. If the iterative times is increased much more, it will lead to weaker edges are smoothed, and this can affect the processing precision. Fig.2 (c) shows the results of denoiseing after enhancing. Noise is enhanced through enlarge phase, the smoothed image is superimposed with amplified noise. Fig.2 (d) is the effect of classic P-M algorithm. Comparing with Fig.2 (b)-(d), Fig.2 (e) of the PM-CLAHE algorithm not only can maintain edges, but also removed noise and enhanced contrast obviously. Fig.3 (a) and Fig.3 (b) are respectively histogram of the original image and PM-CLAHE image. It is clear that the improved algorithm makes more uniform gray. Fig.3 and Fig.4 are another group of comparison of experimental results. Table 1 shows the time comparison of these methods. The consuming of PM-CLAHE is nearly double times to the other methods, this is because CLAHE should be done each iterations.
Conclution
The paper proposes a differential equation for MR image preprocessing. As the edge of the image can be protected better during the denosing phase through tangential smoothing, the new equation which removed normal smoothing has better effect on preventing edges diffusion. CLAHE can be good at keeping local details during the enhancement. Through the removal of normal diffusion and adding proportional coefficient, the equation combining with constructed differential CLAHE and PM denoising algorithm has advantages of the two algorithms.
